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@ Image prooeaaing apparatus sod method. 

@ A 4lttiared biJevd image file 6B is first com- 
pnassed by analysing blocks of pixels and 
counting the number of pbcelajthat are turned 
on and n&presant a monochrome color (e.g.. 
b<ac|c). A oomprofided f9e 72 is! created contain- 
ing block pixel counts fbr al blocks In the 
dithered bUevel Image fUe. Si^beequenily, the 
blocK pbcel Oount file is deoompreosed 108 by 
using the block pixel counts far|Bil of the t}locl(s 
to randomly select prsdetemuped block pixel 
Fkattem& from a plurality of pljcei pattern seta 
110« &acn pettem set includep a plurality of 
diffdrent block pixel patterns jthat present a 
range of different grey tone Isvete ranging from 
cmptetBly Mack to completely jwhte. The pa^ 
tern sets used to create ai transfonned bit 
mapped image file 112 that can then be printed 
or displayed. j 
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This invention relates to the field of ir lage proc- 
essing, and. more particularly, to Improvad apparatus 
and maihods for piocessinQ dithered WIevel Image 
files. 

Dithering Is a process for convertijfig a grey 
Imago into an image made up of Wjack dots In 
a contrasting background such as the white color of 
paper. For example, black and white newspaper Im- 
ages or pictures are dithered. To the ey^, such pto- 
tures look like photographs with full grey, tones, tut 
dose examlnatton reveals the pictures ajctuaUy are 
composed of many tiny black dots on a ^'hite bacK- 
ground. Dithering Is necessary becausf a printer 
press cannot print individiial doU with varying levels 
ofintensfty. J 

Ofthered images can be created and processed 
as bits in a data processing system, and this gives rise 
to problems. One problem concerns the ^ize of files. 
A dithaied image Is represented in a bit ijnapped im- 
age file containing one bit for each pkmin^ element or 
pixel. Images t»vlng a fine reaoluttan produce large 
files that require large storage areas and|takB a rola- 
th«ty long time to transmit it Is desfcable ip compress 
such files to reduce storaga requiromertt^ and trarvs^ 
mission times. Another problem is that onpe an Imago 
is dithered It becomes diff icult to compr^ because 
the Image contains frequent black-iq-whae and 
whlfee-b>*black transitions and has targe jnumbers of 
individual and randomly appearing black dots. These 
random Week dots occur throughout the image to give 
it a smothered appearance. | 

Algorithms have been deaigned especially to 
compress bilevel images, Indudtog dithered baevol 
Irrwges. The ISOflEC Iniernational StarldarxJ 11544, 
also known as JBIG {Joint Bllovel Image jSroup) atan- 
dard, usos complex coding methods that operate on 
aB pixels in the image. The first step is ttjat the meth- 
od determines the probability of each p'lfel based on 
a neighborhood of pixels which is defin^ by a tem- 
plate passed across tha page. This probability Is then 
used to determine the exact coding of tl^e image. Ef- 
fectively, each pixel code Is based on cpnputations 
involving at least eight other pixels. Such a method is 
effective but requires considerable computation to 
code an entire image. 

Acoofdirtgly. ttie invention provides a method of 
procesa'ng a dithered biievei image tp produce a 
compfBSsad image, said dithered bUevej image com- 
prising a plurality of pixels, each pUel having on© bit 
to indicate whether the pixel has a firjst or second 
state, said method comprising the stap^ of: 
selecting blocks of adjacent pixels; 
counting, for each block, ttia number of pbcels 
in the block having the first state; and I 

forming the compressed image by represent- 
ing each block by Its counted number o^ pixels. 

In a ditharad bOevel image, the 6truc|ture on a pix- 
el by pixel basis Is notdiscernatHe. Rathprthe eye ag- 



gregates groups of adjacent pbcels to give an impres- 
sion of a particular grey tone (for a black and white im- 
age), dependent on the relative numbers of black and 
white pixels. Effectiv^y therefore a dhhered bilevel 
5 in>age trades reduced spatial resolution for enhanced 
grayscale resolution. The invention is based on the 
FBOognltion that for such Images, the detailed struc- 
ture on a pixel by pixel basis Is not important, only the 
perceived overaH grey lone. Tliere is theretora a r&- 
10 dundancy In that many different pixel anrangaments 
can produce the same overall grey tone, and this re- 
dundancy is exploited in the compression process. 
Note that there may be some further degradation ii 
spatial resolution or Image quality as a resi^ of thia 
IB (le the compresston is lossy), but providing an appro- 
priate block size is used this can be kept within ac- 
ceptable limits. 

In a preferred embodiment, each block of adja- 
cent pixeis contains the same number of pixels and 
20 each pixel Is in only one selected block. Thus whilst 
It might in theory be possible to use Mocks of differing 
sizes, it Is much simpler from a processing point of 
view If they all have the same size (except possibly 
around the edges). Similarly, whilst it may be possible 
25 Id select overlapping blocks (although care would be 
needed for the decompfession), this is more compft- 
cated and produces a lower oegree of compression 
that having non-overlapping blocks wbero a pbcel Is h 
only one selected block, 
so It is particularly convenient for each blocK of ad- 
jacent pixels to Gompriae sbcfesen pixels in a four by 
four arrangement, and aeid counted number to com- 
prise a four bit binary number. An array of sbdeen pix- 
els is a good compromise between a smaller arvay, 
3S which does not provide such good compresston. and 
a larger anray, which may lead to visible image deg- 
radation, h will be noted that in this case, thsrs are ac- 
tually 1 7 different counts, le from 0 to 1 6 mdusive. of 
possible pixeb in the first state, which is one mors 
40 than can be aooommodated In a four bit tnnary num- 
ber. This is handled by representing 0-13 by a cofre- 
sponding count of 0-13. both 14 and 15 by a count of 
1 4. and 16 by a count of 15. Although this does cause 
some degradation to image quality. In general it is not 
4$ signif cant For example, if the first slate is black, the 
difference between two ^ades of dark grey is rarely 
important Thus it is possible to use an approximate 
count in the compressed image In order to save on 
bits In the count representation (thereby increasing 
50 the degree of compression). 

In a pTHferred embodiment the nrathod further 
comprises the step of performing an addittonal conv 
presslon pipcess on said compressed image, to pro- 
duce a further compressed image. This can be effeo- 
66 tlve since large areas of the approximately equal tone 
will be represented by a long sequence of equal (or 
Bimilar) counts, and in general such long sequences 
of equal or similar numbers can be significantly com- 
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pressed. 

The invention further piovides a method of proc- 
essing ar) image oompreeeed a& above tp form a de- 
cGinpressed image, said method comprising the 
steps of: 



storing at least one pattern set ^ach pattern 
set comprisffig a plurality of different bJpcK pixel bit 
patterns; and j 

forming the decompressed image by repre- 
senting eacti counted numt>er in the oon^pressed irrv 
age hy a corresponding block pixel bit pattern. 

In a preferred embodiment, each bipck pixel t>it 
pattern has the same size as the blocks of selected 
pixels, and the block pixel bit pattern ooUespondlng 
to a counted mjmbef contains a numbe^ of pixels in 
said first stale approximately equal to ^id counted 
number. It is also preferred that the distrit^ution of pix- 
els in said first state in each btock pixel bit pattern la 
such as to tie perceived as substandaiiyj uniform, so 
that the same overall grey-tone is perceivjMi aefbrtha 
corrssponding originaf block, | 

One partlixilar concern in the decompression 
process Is that If die same Uock ptxel t^it pattorn Is 
used repeatedly, this may lead to patterns or artifacts 
appearing in the final image which werajnot present 
in the original, in order to avoid su^ problems, there 
are preferably a pluraJity of pattern sets, with the 
block pixel bit panern corresponding to any given 
counted number In the compressed ima^e being se- 
lected at random from between said piufality of pat- 
tern sets. It Is particularly preferred if ttjere are be- 
tween time and eight pattern sets, the lo^erlinrMt be- 
ing the minimum number to avoid artifacts, the upper 
limit being the maximum numtier above which it is dif- 
ficult to discern any visual improvement! (ia any fur- 
ther reduction In ardfscts). | 

The invention further provides apparatus for 
processing a dithered bllaveC image to[ produce a 
compressed irriaga, said dithered biievel jnnage com- 
pristng a pfuratity of pixels, each pixel ha]h/!ng one bit 
to indicata whether the pjxal has a first or second 
state, said apparatus compiising: | 

mesns for selecting blocks of adjapent pbcels; 

means for counting, foreach block,|the number 
of pixels in the Mock having the first state; and 

means for forming the compressed image by 
representing each block by Its counted number of pix- 



els. 

The invention further provides apparatus for 
procesetng an image oompressed as above to form a 
decompressed Image, said apparati^ comprising: 

means for storing at least one pattef n sat. each 
pattern set comprising a plurality diffierent block 
pixel bit patterns; and j 

means for fomting the decompressed image 
by rspreseming eacb counted number ip the conv 
pressed Image tiy a corresponding Mode qixsl bit pat- 
tern. 
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The image compression and deoompngssion de- 
scribed above finds utifrty in any device which sup. 
ports dithered bi-level images, eg a FAX machine or 
computer, and n^y be implementBd either by defeat- 
ed hardware logic drcultry, or in software. Generaity 
such device will be able to both parfbrm both com- 
prBssion of original images and deoompression of 
compressed imagas (eg tliat have been retrieved 
from siDiage or transmitted from another location). 
Typically the decompressed Image will then be print- 
ed or displayed as a monochromatic imc^e, in which 
a foreground colour is assigned to one of said first and 
second pixel states, and a background colour is as- 
s^ned to tho other of said first and second pixel 
states. Normally the monochromatic image is grey- 
soale, with the background odour being while for pa- 
per printing. 

The above techniques compress and decom- 
press dithered images, requiring much less oomputa- 
tion than algorithms such as 4BIG, and pioduce su- 
perior Image quality and typically smaller files than 
JBIG. Because ^ Images ard dithered, small files 
are particulerty advantageous in applications such as 
sending fox mail over wiretess networks. 

Compressing the dithered biievel fde into a sec- 
ond file having substantially fewer bits than sre con* 
tatned in thedithered biievel file reduces demands ror 
storagecapacity and transmission time fdrthe file, bi 
the deeompressfon process a converted end com- 
pressed Image file is processed to produce a resui- 
tant bft mapped image in which pixda are turned oh 
In a pattern that differs from the pattern in the original 
dithered bHevel image but which presents substan- 
tially the same grey scale ieveis as in the original inv 
age. 

Thus a dithered biievel Intage may be processed 
by fust converting an image into a block pbcal count 
dataf He that specifies or lists the number of black pix- 
els contained in blocks of pixels in the didiered biievel 
image, and by then transforming the block pixel count 
data file into a bit mapped imege suitable for pHrrting 
and displaying. In this process, the block pixel Count 
data file is decompressed subsequently by selecting, 
for each block pbcal count a block pbcel pattern from 
a plurality of predetemiined btock patterns e^ hav^ 
ing die sair^ or ajbstantially the same number of 
black pbcels as In the original blook from which such 
count was made. In ether words, a dithered biievel inv 
age file Is first compressed by analyzing bioclcs of pix- 
els and GQuntir)g the number of pixels that are turned 
on and represent a monochrome color (e.g., black). A 
compressed file is created containing block pixel 
counts for aR blocks In th& biievel image file. Subse- 
quently, the block pbcel count file is decompressed by 
using the bk)ck pbcel counts for ail of the bfocks to ran- 
domly select block pixel patterns from a plurality of 
pUel pattern sets. Each pattarn aat Includes a plural- 
ity Of differant block pscel patterns that present a 
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range of dlfforantgr&y ton© levels rangirtgjfrMn com- 
pletely Wack to cooipletely white. | 

Viewed from anotHer aspect, the mvpntion pro- 
vides a data processing apparatus coippnsing: a 
memory; a dithered bilevel image file sit^red in said 
merDory, said file containing r plurality of Ifits r&speo- 
ttveKr ocrrasponding to pixels of an image, each bii 
havit>g two 8tato8 with one state indicating th^the 
corresponding pixel hss a monochrome v^"« 
other state mdicatlng the corresponding | pixel la<*s 
such monochrome value: first processing means for 
corwertlng said dithered ijHevel image f 11^ Into a pix^ 
count file having a plurality of binary nurjibers. each 
tilnary number indicating how many bits »n a blocK of 
adjacent pbcels are In said one state; a pluralfty of pet- 
tarn sets stored In said memory. cach|pati©rn sol 
compnsing a plumihy of blocK pixel bit patterns that 
differ within a pattern 30t and between slattern sets; 
amJ second processing means for converting said 
pixel count file into a bit mapped image; file by ran- 
domly selecting^ for each one of s^ binary nurrtoeia^ 
a block pixel bit pattern from one of saW paittam sets 
and etortng such selected block pixel bit patterns in 
said bit mapped image file. | 

In a piefsfrad ambcxJimont said bA^ in said dith- 
ered WlBvel Image f ite lapreaenia pluratjty of rows of 
pixels forming said imege; and said first processing 
means analyzas saM bits in said dithef^jd bifevel im^ 
age f ile as a plurality of rows of blo*=ks of jadjacent pix^ 
eta. each pixel being In only one Mock, arjdeach Wock 
being of a predetermined Wock size. 8pd predeter- 
mined block size Is four rows of four pix^s; and each 
of said binary numbers has four bits. Eaph block pbwl 
bit pattern specifies a gray tone level jsubstantlriny 
th A same as that percelvablB in a coftesj^onding Wodc 
of dither»d bilevel Image bits (eg btack bits). 

Typically the apparatus further indfjdes printing 
means lor printing said bit mapped image file and 
causing inkto bedepositedon pgper for each pixel bit 
set to the one slate in the bit mapped im^ge file and^r 
display means fbr displaying said bit mapped image 
fiio and causing display pixalstobe set to foregiound 
and background colors fbr pixel bits set to the one 
state and the other state raspoctlvehr lo the bil map- 
ped image file. i ^ . ^. 

Viewed f rtxn yet another aspect, |lhe mventton 
pmvides data processing apparatus pmpffeing: a 
memory; a dUhered bilevel image file stored In said 
memory, saWf Be containing a plurality f>f bits respec- 
tiveiy corresponding to pixels of an opginal image, 
each bit having two states with one state indicating 
that the corresponding pixel is black jwid the other 
state indicating the corresponding pb(el is white, said 
bfta in said dithered Wlevel image file rapresenting a 
plurality of rows of pixels forming said original image; 
first prw^esalng means for converting; said dithered 
bilAVfii image file into a puel count m having a plur- 
ality of binary numbers, said first processing means 



being operative to analyze said bits in said dithered 
bilevel image file as a plurality of rows of blocks of ad- 
jacent pixels, each pixel l>elng in only one block, and 
each block containing sixteen pixels arranged in four 
6 rows of four pixels, each binary number consisting of 
four bits indicating how many bits in a block of adja- 
cent pixels aiB black; a plurality of pattern sets stored 
in said memory, each pattern sot comprising a plur- 
afity of block pixel bit patterns thai differ within a pat- 
io tern set and between pattern sets, each block pixel 
bit pattern having a size the same as said piedeter- 
mined Wock size, each block pixel bit pattern speci- 
fying a gmy tone level substantially the same as that 
perceivable in a btock having the same number of 
j5 black pbcels; second processing means fdr converting 
said pixel count f Be into a bit mapped image file by 
randomly selecting, for each one of saW binary num- 
bers, a block pixel bit pattern from one of said pattern 
seis and storing such selected Wock pixel bit petterns 
20 in said bit nrwpped image file; and an output device 
for reproducing an output Image from said bit nrapped 
image file wheraln pixels of said output image havo 
colors corresponding to the atatee of the bits In said 
bit mapped image file. 
25 Viewed from yet another aspect, the invention 
provides a method of operating a data processing 
system to process a dithered bltovel Imase file, com- 
prising the steps of: (a) etortng the ditherod bilevel Im- 
age file In said data processing system* said flic hav- 
30 ing a plurality of bits indicating black and while stataa 
of pixels in an image; (b) storing e pkiralrty of sets of 
block pixel bit patterns, each sot comprising a plural- 
ity of block pixel bit patterns having diffbrent grey 
tone levels defined by the numbers and positions of 
S8 bladk pixals within the respective block pixel bit pat- 
terns: (c) counting the numbers of black pixels in said 
dithered bilevel image file in btocks of adjacent pixels 
in the original image and stoiing such numbers In a 
block pixel oountnie; (d) randomly seiecUng btock pix- 
40 el bft patterns from said sets In accordance with said 
numbers in said Wock count file, saM selected 
block pixel bit pauerns having the same or substan- 
tialty the same numbers of black pixels defined by the 
mmibei^ in said btodc pixel count file; and (e> creating 
45 abltmappedimageftfefromsaidselectedblockpixel 

bit patterns. . 

Preferably said grey tone levels in saM block pixel 
bit patterns stored m step (b) range from solid white 
through intarmedialB ^y levola to solid Wack and 
50 each Wock pixel bit pattern In a set has a different 
mAmber of black pbcels thereby defining a different 
grey tone level. It is also preferred that the number of 
sets is at least three to avoid the appearance of any 
unwanted artifacts. 
5S An embodiment of the invention wOl now be de- 
scrO^ed by way of example only with reference to tha 
following drawings: 

Fig. 1 is a bkick diagmm of a data processing sye- 
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Fig, 2 is a flow chart for compressing Image data 
during operation of the ayaoem shown In Fig. l: 
Fig. 3 is a flow chart illuatrating detafis of the im- 
ago compression oporations of Fig. 2; 
Rd> 4 ra a flow chart similar to FigJ 2, for post- 
Gompf«8s'«n processing aperations;| 
Fig. 5. Is a diagram of exemplary (>att£rn sets 
used In ttie operations Itlustrated in pig. fi; and 
Fig. 6 Is a flow chart similar to Fig. ^ iDustrating 
detaPs of the image decompression operations of 
Fig. 4. 

Referring now to the drawings, and first to Fig. 1 . 
a data procaeaing system 10 executes application 
prograrrvs under the central of an operajing system. 
System 10 Illustrates comnnarciajly availatiie hard- 
ware plus a standard operating system, ^hich is wan- 
known, and 80 wBf only be desctibed briefly. 

System 10 comprises a personal computer such 
as a comnr>ercialiy availalale IBM Model 95 personal 
computer, which Includes a processor ^i connected 
by a GPU bus 14 to a memory controOe^ 16. A main 
memory 18 implemented as a random apcess mem- 
ory (RAM), stores programs and data for execution tiy 
processor 12. Main nnenwry 18 Is connected by mem- 
ory bus 20 to memory controller 16 ar)d to a data buf- 
fer 22 through which data flows betwee|n processor 
1 2 and main memory 1 8. Memory oontrojller Is a dual 
port device having one port connected t^ bus 14 and 
the other port connected by a system bu^ 26 to a bus 
Interface unit (BIU) 28 that interfaces betijveen bus 24 
and an IBM MicroChannel (MC) or exparmion bua 30. 
Data flows between main menr>ory 18 arpd bus inter^ 
face 28 and bus 30 through a buffer 28. 

A printer 32 is connected to bua 30 through a par- 
allel port 34 and an asynchronoue and pidiiallel inter- 
face 36. A plurality of MC connectors ajre also con- 
nected to bus 30 and provide the mea^ by which 
adapters and other devices are connec^d into the 
system. Such connectors include a connector 38 hav^ 
Ing a video graphics array (VGA) adaptBrjsd connect- 
ed thereto for coupling a VCA display |40. Another 
connector 42 la connected to a comnujni^tion adap- 
ter 44 by means of which a data transmitter/receiver 
46, such as a modem, is coupled to the ^ystem. Still 
araither connector 48 ts conne<ned to a small comput- 
er system Interface (SCSI) adapter SO which is con- 
nected to a SCSI hard drive 52 that storesjfilea or data 
including an operating system (OS) 54, and a plurality 
of standard application pfogranw 56 tnduding print, 
display, and communication programs fifr operating 
printer 32. display 40, and transmitterypcefver 48. 
Main memory 18 provides voiatile storag^ while drive 
52 provides non-voJati|e storage. Main vnemory 18 
and drive 52 form part of a memory system in which 
programs and data are scored, accessed,' and moved 
under progiam control In a conventional manner. 

The system as thus far described Is |well loiown. 
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and many support and other devices commonly in- 
cluded in a data proceaaing system have been omit- 
ted for simplicity of illustration. The method of present 
invention Is Implemented by the Image processing 
programs 58, the data structures produced and used 
by such ptograntt, and ttie various processes and 
functions performed by the system when such pro- 
grams are executed. 

The compression of a dithered bilevel image file 
will now be discussed, relative to printing or display- 
ing an image derived from an ordinary black-and- 
white photograph. Rg. 2 illustrates a conventional ex- 
ample of how such a file can be craatad- A photograph 
60 is scanned in proces&62with the photognophic im- 
age being examined llne-by-line and each line being 
broken down into pbceis (picture dements). The scan 
resolution between lines is the same as the scan re- 
solution between pixels in a line. The grey tone of 
each pixel is determined and is converted into a (figltal 
value representing the grey tone oTthe pbcel. The dig- 
ital values for the grey tones of all of the pbceis are 
stored ki a grey scale Image file 89. Next, a dithering 
process 66 is performed which converts the grey tone 
Image Into a bit mapped image having a pattern of 
black dots for use as a foreground color on a white 
bacKground. 3uch pattern is defined as a dithered bi- 
level Image file 68 that Is produced by and forms the 
output from dither process 66. 

Dithered bflavel image file 68 includes a header 
and a bit mapped image. The header lists the number 
of rows representing the image and the number of pb<* 
ele per row. The bit mapped image Gontaina one pixel 
bit for each pixel with each bd having two states. One 
state iidicates a pbcel has a monochrome color and 
the other state indicates the pixel lacks such c»ior. 
Such meaning as applied to a prmting procese using 
blade Ink indteates that a blade dot should b>e printed 
when the pbcel is in the one state and that no dot 
should be printed when the pbcel is in the other state 
theiBt>y allowing the white background color of the pa- 
per to be visible. Thus, the two States represent black 
and whits ''dots\ The two states obviously can also 
represent a two color printing system, or foreground 
and background colore used to display the image on 
a monitor. 

An image compreasion routine 70, which is one 
of image processing programs 58 ^ig. 1), uses dith- 
ered bilevel image file 68 as an input and produces a 
compressed file 72 of block pbcel count data by a 
process desGrit>ed in detail below with reference to 
Fig. 3. 

in a prefoftod embodiment file 72 is then c<wiv 
pressed further by a conventional oompresston pro- 
gram 74whk;h uses aset or file of standard initial con- 
ditions 76. The general function of the arithmetic cod« 
Ing program 74 Is to replace repetitive bit sequencee 
or patterns in the input file with a lasser number of 
bits indicating the pattern and number of repetitions. 



I 
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For ^jtample, suppose an Image conlainsj relatively 
large Wack areas or areas of the same grey tonft. euch 
that the Wock pbcet count data involves many sa- 
quences havino severd identical block pwpl counta. 
If q saquenca contains twenty-five identickl pixe? 
counts defined by lOO-talls, the sequence lean be re- 
duced or Gompredaed to a single four bit c^ount kien- 
tifyinQ the black pattern, and to a binary nu^nber (nine 
bHa) in<ftcatin3 a repetition of twenty f iv^ (this is a 
standard compression technique termed ^un-length 
encoding)- In any event, the output of arithrnetic cod- 
ing program 74 Is a fully compressed, smaller file 78 
that results from the double compression accoirv- 
plished by processes 70 and 74. A sultaWe] arithmetic 
coding piogram Is marketed by IBM Corr^ration as 
part of the im^ePlus document processing piatforn). 
which also sets appropriate initial condltlo^^ 

File 76 can then be stored and/or trai^smlttod to 
another system in stop SO for post compreasbn proo- 
asaing as described below relative to Fig. {4. 

With reference to Fig, 3. prior to the st^rt of Image 
compr^on precesaing 70. dithered bll^vel Image 
file 68 Is stoced In either main memory 1 B tf^r process- 
ins or in h^nd drive 52. When stored hi di|ive 52. the 
image file Is read into the main memory fjor analysis 
and processing- Step B2 accesses dithered bUevel 
Image file 68 and reads the image infOftnation Includ- 
ing the header and the bit mapped imago, yhe header 
pravMes the number "m" of rows of pix^a and the 
. number W of pixels per row while the bit trapped im- 
age includes one bit per pIxeL 8tep 84 next wrftea a 
header to the fde 72 being crsatBd, auch jheader de- 
fining a biocksbee in acqordanco with which the image 
is analyzed or axanr^ned. The header aiap apeclfiea 
the numbor-m/x'of rowsandthenumborrft/x"of ooh 
umna of such blocks, where "x" Is an inteder. In the il- 
lustrated embodiment. •'x=4' and represenU a "4x4" 
square or block of adjacent pixels In the pit mapped 
image. Each pixel Is In only one block. Step 86 then 
arranges the pixels into a matrix of blocks- ly^ exanv 
Inatlon begins at 88 with the upper left hand corner of 
the matrix. That irst bkjck is accessed at 90 and step 
62 counts the number of pixels In the podc which 
is/dr« set to a *1" to represent a black or other mono- 
chrome printing Ink or disptay color. Sincajthe number 
of pixels in the block is sixteen, the numl|>er of plxela 
In the block can be specified as a4-bli blnpry number. 
Such size is also known as a nibble and one-half of 
an 8-bit byte and or»e-<|uarter of a ia-bjt word. The 
black pixel count number nibble is aaserptiled nto a 
word and each assembled word is writter^ Into file 72. 

(Note thatin fact the thers are actually seventeen 
possible numbers of Wack pbcels- from nought to six- 
teen indusfve, which is actually one nfioro| than can be 
stored in a 4-bit number. To overcome tnia problem, 
fourteen and fifteen are both recorded ps fourteen, 
whRei sixteen black pixals is recorded ai| fifteen.) 
Step g4 decides if the end of a row of blocks has 



been reached. If not, a branch is made back to step 
80 to access the next bkxi^ and repeat step 92. When 
the end of the row is reached, step 96 determines if 
all of the blocks have been pfoceased. ue.. has the 

s end'Of-image been rsached. K not, a branch is made 
back to step 90 to begin examining the next row of 
blocks. The process ends at 1 00 when all Wocka have 
been processed at which time file 72 is considered 
completed and contains data representing ths block 

10 pixel count, le., the number of black pixels in each 
block. The original ditnemd Mevel image file has thus 
been converted into a bk>ck pixel count data file hav- 
ing a size compressed by a factor of four-to-one dur- 
ing image compresskHi 70. Each abcteen-bit pbcei 

IS block is converted into a four-bit block pixel count 
number- The compressed file can then be stored as 
such, and/or transmitted, and/or further compressed 
by step 74. 

Once the image file has been converted and 
20 compressed, it needs to be decompressed before 
printing or displaying the Image. With reference to 
Pig. 4, during post compresaton processing 102. tt)e 
fully compressed im^e 78 Is first decompressed by 
arithmetic decoding in step 1 04 using the same initial 
25 conditions 76 as ware used in the arithmetic coding 
step 74 (Fig. 2). This deoompresalon creates a file 
106 of block pbcel count data that la the same as file 
72. rslext. step 1 08 performs an imago decompression 
on file 106. which is explained in nnore detail betow 
30 rotative to Fig. 6. Step 108 uses pattern sets 110 to 
assign e predetermined pixel pattern randomly se- 
lected from a plurality of pattarna, to each block 
where the selected pattern produces a predetar- 
mined grey tone level. Step 112 produces a trans- 
S6 formed bitmapped Image 112 containing a pluraiity of 
pb(el8 represented by one-bit per pucel. The bit map- 
ped image file 112 can then be printed or displayed 
in step 114 by programs 56 (Fig. 1) whera each black 
pixel Is printed by Ink on paper or displayed as afore- 
40 grtHjnd color on a display. aiKt the non-black pixals 
ara represented by the white of the paper or the back- 
ground coku- of the display. 

Before describing details of the pattern sets 
shown in Fig. 5. the theory thereof Is now explained. 
45 Each dithered bit mapped image being processed is 
divkSed into "4x4* blocks of adjacent pbtela with each 
pbcel being In only one btock. To the human eye. each 
block has a greying effect proportional to the number 
of black pixels in the block and the positkina or pat- 
so torn of those pixels. For a block of sixteen pbcels. six- 
ty-four thousand different combinatwns or patterns 
are possible, but far less grey scale cornbinations are 
perceivabie. It is believed the average human can 
perceive no more than 256 different grey tones or lev- 
ss els of grey. However, an acceptable picture can be re- 
produced with only sixteen grey levels with each grey 
level being represented by a four bit btnary number. 
These grey levels can be mapped from the sbcty-four 

6 
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thousand combinations by using the number of black 
pbcels In a block as a grey level Indicatoi -. 

RefQfr\r^ to Fig. 5, pattern sets lib cximprises 
three set3 S1 , S2, ftnd S3 of block pixel patterns PO- 
P15. Each defines sixteen different! grey levels, 
the darkest level being one where all t^e pbcels are 
black and the lightest levels being one Wf\BtB none of 
the pbtaiB is black (all 'white"). The use of only one set 
with si)(teen grey levefa produces a pictlurB in which 
undesirable strings of artifacts are readfty visible. To 
avoid such results, the picture Is creatjed from the 
block pixel count data by randomly sele^tfng a block 
pattarn from a group of Mock patterns (hat all have 
the same ^^y scaling affect The chok» of random 
patterns elimmstea the offending vi$ual| results pro- 
duced by the use of only one sb. The number of pat- 
tern sets is preferably In the range from t^ree-to-elght 
with three being ttie minimum number that avoids of- 
fending results and eight being the maxi rpum number 
beyond which finle additional improvement Is percelv* 
able. 

Each block pattern P contains sbaeen bits repre- 
senting a predetermined pbcet pattern in a blecK. The 
pattern is defined by binary Ve and 0*6 1 where a 1* 
repiesents a black pixel and a *'0" represents a white 
or non-black pbcel. Groups of patterns PO|are all white 
and groups of patterns P15 are all black. Patterns Pi - 
P14 have different predetermined, rarnlt^ pbcel pat- 
terns that differ from each other within ^ set and be- 
tween groups in the sets. Within a set, {jmtterns P1- 
P14 differ by the niimber of pixels th^ ars set to 
black. Between groupa, patterna having the same 
number of blac^ pbcels differ by ttie posjitlona of the 
pixels with the pattern* 

Once a particular set has been randomly sa1ect-> 
ed. the block pixe^ count number is used to select a 
particular pattern that has the same nearly the 
same number of black pixels. For exannple, a block 
pixel count of four (binary ^0100*^ selects a pattern 
P4 having four black pixels. The group ^ block pat- 
terns P4 In the difterent seta each have the same 
number of blad< pixels that are differentiy positioned. 
Biock pixel counts of 0-14, end 16 select blodc pat- 
terns having the same number of black pbpls a» in the 
pixel count In the case of a block having fifteen blade 
pixels, however* a pbcel count of fifteen selects a pat- 
tern P14 having only fourteen black ptx^. The rea- 
son for Such selection la that four bits car| tse used for 
no more than sUteen differont oonditlons while each 
block can be set to seventeen differen^ conditione 
corresponding to one in which no pixel is black and 
sixteen condil^ns In which a range of onp-to-sixteen 
pixels are black. A block of fourteen black pixels pro- 
vides substantially the same grey tone le>[ei as one of 
fifteen black ppeels. { 

As shown in Fig. 6, image decompr^ion proo< 
d$d lOa comprisee dtep 116 reading the row and col- 
umn information from the header of block pbcel count 
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20 



26 
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40 



43 



50 



55 



data file 106. The nibbles representing the block pixef 
count numbers are then processed one-at-a-ttme in 
the foOowing n^anner. Step 118 gets a block pixel 
count and step 120 randomly selects one of sets Si- 
S3 from which to make a block pattern eelection for 
that count Step 122 then selects the bkick pixel pah 
tern from the selected set using the pixel count as an 
index into the selected set, and writes the selected 
pattern to f«e 11Z Steps 124, 126 and 128 controls 
the sequential processing of the pixels counts and 
when the entire pixel count data has been piYxressed, 
transformed bit mapped image 112 has fiesn created 
and process 1 0S ends at 160. File 112 may also con- 
tain a header that is created from the row and column 
information from tne header of block pbcel count data 
file 1 06. The header may be in any format recognized 
by the Intended userof thedecomprsssed Image. File 
112 has the same number of pixel bits as file 64 but 
the bit patters of the pbcels differ because of the ran- 
dom use of the arbitrary block patterns. Since a ran- 
dom method was used to select which bkx4c patterns 
are used during deoompresston, the reconstructed 
Image is supertor to a method that will create repeti- 
tive patterns or artifacts. The compresskm level Is 
comparable to other methods that perform lossy fil- 
tering or resolutkan reduction prior to using metticxts 
suoh as JBIG, hkiwevec the quality of the oom- 
prsssed image Is superior to such methods because 
of better retention of the grey values In each pixel 
block, or less total image loss. Further, the nriethod of 
the invention Is superior in cximputation speed Over 
other implementations such as JBIG because only a 
single vahie needs to be entiopy coded for each pat- 
tarn block versus each pbcel being coded relative to 
its el^t neighboring pbcels. When '4x4** pbcels blocke 
are used, at most one sbcteemh the values ere proc- 



It may be desirous in some applications to elim- 
inate the arithmetic coding steps 74 and 104 and 
process only the block pixel count data 72 and 106 
without further compression and subsequent deconv 
prsssion. 

As will be appreciated by those skilled in the art. 
the programs and data are stored as electrical sig- 
nals, which are processed not only by the memories 
aiMl storage devices which store the signals but also 
by the difftent components, including the micropro- 
cessor, which transmit and operats in response to 
such signals, and perform the different processing 
functions and operations descnbed above. Further, 
although the method as described above has been 
I'mpiemented under software contro(» it would also be 
possible to develop a system having specially de- 
signed hardware to tmplenoent such a method. 
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Claims 



1. A method df processing a dithered WIevel image 
(68) to produce a tiompressod Image} &aid dilN- 
fired blleval image comprising a plurality of pix- 
de, each pixel having ono bit to indlce^ whether 
the pixel has a first or second stato. s^id method 
cofnprfslng the steps of: | 

selectin9 (90) blocks of adjacent pixels; 

counting (92), for each block, tna number 
of pbcels in the block having the first ^te; and 

forming the compressed imago (72) by 
representing each Mock by its cnuntad numberof 
pbeels. I 

I 

2. A method of image processing as jcJaimed In 
daim 1, in which each Wock of adjacent pbcela 
contains the same number of pixels. 

3. A method of Image processing as claimed in 
daim 2. in which each uock of adjacent pbceis 
connprisea sixteen pixels Ui afpurbyfl^urarmnge- 
ment, and saki counted number oomprtsee a fbur 
bit binary number. j 

4. A method as claimed in any precediiftQ dajm, In 
which each pixel is in only one sel©c|ed block. 

5. A method as claimed In any precedii^ claim, fur- 
ther comprleing the etep of parfomijng an oddh 
tional compreaalon pioceae (74) 09 «>m- 
preeaed image, to produce a further p 
image (79)- 



6. 



ir pompreoa 

J rioa\ 00 



A method of processing an image! (106) com- 
prassBd according to the method of jany preced- 
ing daim to form a decompressed Imago (112), 
eatd method comprising the steps o|: 

storing at least one pattern set (110), each 
pattern set comprfsmg a plurality of different 
block pixel bit patterns; and | 

forming (108) the dooompres^od Image by 
representing each counted numbeii in the conr>- 
preaeed image by a comasponding t)lock pixel bit 
panem. 

7. Amethod as daim«l in claim 6, whep each block 
pbcel bit pattern has the same size as the blocks 
of selected pixels. 



I 
I 

8. A method as claimed In daim 7, in wfilch the Wock 
pixel bit pattern correspondiitg to a counted num- 
ber contains a nuntber of pixels in daid first state 
appiQxinnately equal to said countefl number. 

9. A method as daimed in any of dalms 6 to 8. In 
which the dietribution of pixels in daid firet ^e 
in each block pixel bit pattern Is such as to be per- 



ceived as substantially uniform. 

10. Amethod as claimed in any of claims 6 to 9, m 
which thors are a plurality of pattern sets (110). 
S with the block pUel bit pattern corresponding ID 
any given counted number In the compressed im- 
age being selected at random from beNveen said 
plurality of pattern sets. 

TO 11. Amethod as claimed in any of daims 6 to 10, in 
which a further compressed image (78) under- 
goes an initial decomprDSsion process (104) 
which is the Inverse to said additksnai compres- 
sion process. 

12. Apparatus for pmoessing a dithered bilevel inv- 
age (68) to produce a compressed image (72). 
said dithered bilevel Image comprising a plurality 
of pixels, each pixel having one bit to Indicate 

20 whether the pixel has a first or second state, said 
apparatus comprising; 

means for selecting blocks of adjacent pU- 

ols; 

means for counting, for each block, the 
25 number of pbcate In the block having the ftrat 
state; and 

means ftor fbrming the compressed Imago 
by mproaonling each btock by its counted num- 
ber of pbceis* 

30 

13. Apparatus for image compression as dalnted in 
daim 12. in which each block of adjacent pixeb 
contains the same number of pbceis and each pix- 
el is In only one selected block. 

99 

14. Apparatus for image eompression as dajmed in 
claim 12 or 13, further compiiaing means for per- 
ftorming an additional compression process (74) 
on sakl compressed image, to produce a further 

40 compressed image (78). 

15. Apparatus for processing an image (IO6) com- 
pressed according to tiva method of any claims 1 
to S to form a decompressed Image (112), said 

45 apparatus comprising: 

means for storing at least one pattern set 
(110), each pattern set comprising a plurality of 
different block pbcel bit patterns; and 

means ftor Itormlng the decompnessed im- 
50 age by mpresenting each counted number in the 
compressed Image by a conresponding block pbc- 
el bit pattern. 



19. Apparatus for image decompresston as daimed 
Sff in daim 15, in v^lch each block pixel bit pattern 

has the same size as the blocks of selected pix- 
els, and a block pixel bit pattern corresponding to 
a counted number concalns a number of pixels in 
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sakt first state approximately equal to said count- 
od number, and in which the distribution of pixels 
in said first state in ddfih block pixellbit pattern is 
such as to be perceived as substanaally uniform. 

17. Apparatus tor image decompression as claimed 
In dalm 15 or 16 Jn which there arej a ^urallty of 
pattern sets, with the block pixel bit patrern cor- 
responding to any given counted number in the 
compressed image being solecte^ at random 
from between said plwaltty of pan«|rn sets. 

I 

18. Apparatus for image decompresstoh as cialmed 
in claim 17, in whidh there are at le^st three pat- 
tern sets. 

Id. Apparatus far image decompression as claimed 
in any of dalmd 15 to 18, furthejr comprising 
means for performing an initial decompression 
process (104) on a further compressed Image 
(78). sam Initial decompression pjocess being 
the Inverse to said additional oompjresslon proo 



19 



20. Appar^us for image decompressiotn as claimed 
in any of claims 15 to 19, further comprising 
means (32, 40) for printing or displaying a mono- 
ohromatio image, in which a foragrcjund colour Is 
assigned to one of said first and ^second pixel 
states, and a background colour assigned to 
the other of said first and second pjxet states. 

21. Image prooesBing apparatus Indudi^ng the image 
compression apparatus of any of claims 12 to 14» 
and the image decompression apppatus of any 
of claims 15 to 20. 
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